A sensitive and easy-to-perform dipstick immunoassay to detect Escherichia coli 0157:H7 in retail ground beef was developed by using a sandwich-type assay (with a polyclonal antibody to E. coli 0157 as the capture antibody and a monoclonal antibody to E. coli 0157:H7 as the detection antibody) on a hydrophobic polyvinylidine difluoride-based membrane. E. coli 0157:H7 in ground beef could be detected within 16 h, including incubation for 12 h in enrichment broth and the immunoassay, which takes 4 h. Pure culture cell suspensions of 105 or 106 E. coli 0157:H7 organisms per ml produced intense color reactions in the immunoassay, whereas faint but detectable reactions occurred with 103 CFU/ml. The sensitivity of the combined enrichment-immunoassay procedure as determined by using ground beef inoculated with E. coli 0157:H7 was 0.1 to 1.3 cells per g, with a false-positive rate of 2.0%. A survey of retail ground beef using this procedure revealed that 1 of 76 samples was contaminated by E. coli 0157:H7.
Escherichia coli of serotype 0157:H7 is a recognized cause of hemorrhagic colitis and hemolytic uremic syndrome in humans and has been the cause of many food-associated outbreaks in the United States and Canada (3, 6, 7, 17, 18) . More recent studies have revealed that this organism can be isolated from the feces of dairy cattle (20, 23) , a known reservoir of E. coli 0157:H7, and from foods such as ground beef and raw milk derived from these animals (1, 4) . Hence, a rapid method for detecting E. coli 0157:H7 is important to both clinical and food microbiologists.
Many approaches have been taken in developing isolation and detection procedures for this organism, and these can be generally divided into three categories: (i) the use of biochemical characteristics somewhat specific to E. coli 0157:H7 (e.g., the inability to ferment sorbitol and the lack of ,B-glucuronidase activity), (ii) the use of DNA probes for verotoxins or markers associated with verotoxin-producing E. coli, and (iii) immunoblotting with antibodies to verotoxins or 0157 antigen in conjunction with hydrophobic grid membrane filters. On the basis of the lack of 3-glucuronidase activity, which is common with E. coli 0157:H7 but not with most other E. coli isolates, Okrend et al. (13, 14) determined that the addition of 5-bromo-4-chloro-3-indoxyl-fi-D-glucuro- K2HP04 (1.5 g), Casamino Acids (10 g), and acriflavin-HCl (10 mg). The enrichment medium without acriflavin-HCl was autoclaved and allowed to cool to room temperature before filter-sterilized acriflavin-HCl was added. Cultures were incubated for 16 to 18 h at 37°C with agitation (150 rpm). Cells for inoculation studies were serially (1:10) diluted in 0.01 M phosphate-buffered saline (PBS), pH 7.2, to obtain 10 to 20 E. coli organisms per ml, and 1 ml was inoculated per 25 g of ground beef.
BALB/c mice were primed by intraperitoneal injection of 0.5 ml of 2,6,10,14-tetramethylpentadecane (Sigma Chemical Co., St. Louis, Mo.). Ten days later, they were injected with 106 hybridoma cells producing antibody specific for E. coli An Immobilon-P PVDF transfer membrane (Millipore Corp., Bedford, Mass.) was cut in small strips (approximately 4 by 1 cm). The strips were wetted with 5 ml of 100% methanol for 1 to 2 s, and placed in coating buffer (0.05 M carbonate buffer, pH 9.6) for 10 min before use. Ten microliters of affinity-purified goat antibody to E. coli 0157 (0.5 ,g/ml of 50 mM carbonate buffer, pH 9.6; Kirkegaard & Perry Laboratories, Inc., Gaithersburg, Md.) was applied in two locations (1 cm apart) and held for 5 min at room temperature. The dipstick strips were submerged in either 5% bovine serum albumin (BSA) or milk diluent blocking solution (Kirkegaard & Perry) and agitated (100 rpm) at 37°C for 45 min to block reactive sites that might cause nonspecific binding of interfering bacteria to the membrane. The strips were then submerged in individual E. coli cultures (including 0157:H7 and control strains) of 103 or 106 CFU/ml in 0.01 M PBS, pH 7.2, and agitated (100 rpm) at 37°C for 30 min. The strips were washed two times for 5 min each in 50 mM Tris-buffered saline, pH 7.5, containing 150 mM NaCl (TBS) with 0.05% Tween 20 (TBS-T) and then 500 ,u1 of purified MAb 4E8C12. MAb specific to E. coli 0157:H7 (5 ,ug of immunoglobulin G2A per ml) was added to each strip, and strips were held for 45 min at 37°C. Strips were covered with plastic wrap to prevent drying. The strips were washed twice with TBS-T, and then 500 pu1 of goat anti-mouse immunoglobulin G conjugated to alkaline phosphatase (1:800 dilution; Kirkegaard & Perry) was applied. Strips were covered with plastic wrap and held at 37°C for 45 min. The strips were washed twice with TBS-T for 5 min and then dipped into nitroblue tetrazolium-5-bromo-4-chloro- Fig. 1 The optimal concentration of goat antibody to E. coli 0157 used as the capture antibody was 0.5 ,ug/ml of carbonate buffer. This was determined from the evaluation of several concentrations (10, 1, 0.5, 0.2, 0.125 ,ug/ml) of antibody. It was observed that a weak reaction (a light to very light purple spot) resulted when concentrations of less than 0.5 ,ug of antibody per ml were used, which sometimes resulted in difficulty differentiating a positive result from background reactions. There was no apparent difference in results obtained when either milk diluent or 5% BSA was used to block nonspecific binding sites of the PVDF membrane after coating with the capture antibody. MAb 4E8C12 was purified and adjusted to 5 ,g of immunoglobulin G2A per ml. Previous experiments revealed that using purified and standardized antibody resulted in a lighter background color than when ascitic fluid was used directly.
Studies using nitrocellulose paper as the dipstick or solid support in lieu of PVDF membrane revealed unusually high levels of background reactions with negative control samples, indicating high levels of nonspecific binding. This problem was not apparent when a PVDF membrane was used as the solid support, probably because of its hydrophobic properties and reduced reactivity with highly soluble species such as proteins that more commonly bind to nitrocellulose paper. Campbell (2) reported that most problems encountered by dot blot or dipstick techniques with modified celluloses were high levels of nonspecific binding and an inadequate loading capacity of the membrane. The development of hydrophobic microporous membranes such as Immobilon has solved the problem of nonspecific binding and load capacity by expanding the external surface area while only introducing a minor increase in the thickness of the membrane itself.
Seventeen of 18 strains of E. coli 0157:H7 in pure culture at 103 CFU/ml produced a faint but detectable reaction, and all 18 strains at 106 CFU/ml had an intense color reaction. All (Fig. 2) . All five strains of E. coli 0157:H7 tested individually at an inoculum of 0.1 to 1.3 CFU/g of ground beef were consistently detected by the dipstick assay. The retail ground beef samples used in the inoculation studies had no detectable E. coli 0157:H7, and aerobic plate counts before inoculation ranged from 2 x 106 to 7 x 107 CFU/g. Two false-positive results were observed during the inoculation study (Table 1 ). E. coli 0157:H7 was not detected in these samples by using the isolation procedure described above. False-positive reactions may have resulted because of denaturation or degradation of the capture antibody. Detection antibody or enzyme-conjugated antibody may nonspecifically bind to denatured capture antibody. We have observed that rehydrated E. coli 0157 capture antibody held frozen (-80°C) for more than 6 months or refrigerated (5 to 10°C) for more than 1 week occasionally resulted in false-positive reactions.
A survey of 76 retail ground beef samples resulted in the detection and isolation of E. coli 0157:H7 from one sample. The aerobic plate count of this contaminated sample was 2 x 106 CFU/g. E. coli 0157:H7 in the contaminated sample grew in enrichment culture to a population of 3.6 x 106 CFU/ml. Results of the dipstick reaction of the E. coli 0157:H7-contaminated ground beef sample are shown in Fig. 3 . The incidence (1.3%) of E. coli 0157:H7 in Madison area retail ground beef is similar to the results obtained by Doyle and Schoeni (4) in an earlier study using a hydrophobic grid membrane filter-immunoblot assay.
Results indicate that the enrichment-dipstick immunoassay procedure reported here is a rapid (16 h), sensitive (0.1 to 1.3 E. coli 0157:H7 cells per g), and specific method for detecting E. coli 0157:H7 in ground beef.
